A novel, Gram-stain-negative, facultatively anaerobic, halophilic bacterium, designated strain Q1U T , was isolated from a sediment sample collected from Qinghai Lake, PR China. The cells of the strain were short rod-shaped (0.2-0.3Â0.6-2.5 µm) and non-motile. Strain Q1U T formed yellowish colonies and grew at temperatures of 2-37 C (optimum 30-33 C), at pH 6.0-9.0 (optimum pH 7.0) and in the presence of 0-20 % (w/v) NaCl (optimum 7.5 %). The major cellular fatty acids were C 18 : 1 !7c (58.6 %), C 16 : 1 !7c and/or C 16 : 1 !6c (14.8 %) and C 16 : 0 (10.1 %). The polar lipids were identified as diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, unknown phospholipid and unknown lipids. The genomic DNA G+C content was 61.5 mol%, and the predominant respiratory ubiquinone Q-9. Based on phylogenetic analysis of the 16S rRNA gene sequences and concatenated 16S rRNA, gyrB and rpoD gene sequences, the isolate was found to belong to the genus Halomonas in the class Gammaproteobacteria. 
The genus Halomonas proposed by Vreeland et al. (1980) belongs to the family Halomonadaceae, which contains eleven genera (Aidingimonas, Carnimonas, Chromohalobacter, Cobetia, Halomonas, Halotalea, Kushneria, Larsenimonas, Modicisalibacter, Salinicola and Zymobacter) (Arahal Arahal & Ventosa, 2006et al., 2006 . At the time of writing, the genus Halomonas comprises 86 species with validly published names (Parte, 2016 ; http://www.bacterio. net). Its members are Gram-negative, rod-shaped, nonsporulating chemo-organotrophs that have a predominantly respiratory metabolism, using oxygen or nitrate as terminal electron acceptors. Species of the genus Halomonas were initially found in hypersaline environments such as the Dead Sea, hypersaline lakes, hypersaline soils and solar salterns (Franzmann et al., 1987; Mormile et al., 1999; Oueriaghli et al., 2013; Vreeland et al., 1980) . Later, members of the genus Halomonas were also recoverd from non-hypersaline environments such as non-marine biofilms (Heyrman et al., 2002) , animal tissues (Romanenko et al., 2002) and human blood (Kim et al., 2010) , as well as in non-hypersaline ices from Antartica (Reddy et al., 2003) . Some of them have been recognized as having potential applications in biotechnology due to their ability to produce compatible solutes, extracellular enzymes (S anchez-Porro et al., 2003) , exopolysaccharides (Arias et al., 2003; Mata et al., 2002; Quesada et al., 2004; Martínez-C anovas et al., 2004) and for their role in the degradation of aromatic compounds (Oren, 2010) . During an investigation into the biodiversity of Qinghai Lake sediment, strain Q1U T , which is closely realted to the genus Halomonas, was isolated and the exact taxonomic position of this novel strain was determined based on polyphasic taxonomic data.
Strain Q1U
T was isolated from the sediment samples collected from the silt of Qinghai Lake, a hypersaline habitat in Qinghai Province, China (36 47¢ 58 .08¢¢ N 100 16¢ 34.92¢¢ E). For isolation, a soil sample, with a salt content of 3.9 % and pH value of 9.0, was suspended by the standard dilution-plating technique on a modified saline agar medium (containing 5 g peptone, 4 g yeast extract, 10 g maltose, 4 g glucose, 68 g NaCl, 60 g MgCl 2 , 6 g KCl, 25 g MgSO 4 and 20 g agar l À1 distilled water, pH 9.0). After 7 days of incubation at 30 C, representative colonies were picked and purified by streaking repeatedly. The isolate was preserved both with LB medium slants at 4 C and suspensions in 20 % (v/v) glycerol at À20 C. The 16S rRNA gene (1447 bp) was amplified by PCR using a pair of universial primers, 27F (5¢-AGAGTTTGATCC TGGCTCAG-3¢) and 1492R (5¢-TACGGTTACCTTGTTAC-GACTT-3¢) (Weisburg et al., 1991) . Similarity calculations were determined based on the EzTaxon-e database (Kim et al., 2012) and aligned with sequences of the most closely related bacteria by using CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed with neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods using the program MEGA 5.0 (Tamura et al., 2011) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . Evolutionary distances were estimated by the algorithm of Kimura's two-parameter model (Kimura, 1980 T formed a cluster with species of the genus Halomonas (Fig. 1) . The same results were obtained with the other methods of phylogenetic reconstruction used in this study (maximum parsimony and maximum likelihood, data not shown).
Amplification and sequencing of the gyrB (DNA gyrase, B subunit) and rpoD (RNA polymerase, b subunit) genes of strain Q1U T were performed as described by De la Haba et al. (2012) . The sequences of the gyrB gene were amplified by using primers gyrB216F (5¢-GARGTBATCATGACSGTGCT-3¢) and gyrB1419R (5¢-GCRTCSGTCATGATGATSAY-3¢). The rpoD gene sequences of strain Q1U
T were amplified using the PCR primers rpoD88F (5¢-ATGATYAACGACATGGGYA T-3¢) and rpoD1321R (5¢-TTSAKCTTRTTGATGGTCTC-3¢). The PCR products of gyrB and rpoD genes were submitted to SinoGenoMax (Beijing, PR China) for sequencing. The GenBank database was used to search for similar gyrB and rpoD gene sequences. The gyrB gene sequence of strain Q1U T was 1258 nt, the rpoD gene sequence was 1116 nt. Strain Q1U T showed 83 % gyrB and 85 % rpoD gene sequence similarity to Halomonas venusta DSM 4743 T . A phylogenetic tree was reconstructed, based on a concatenated alignment of 16S rRNA, gyrB and rpoD gene sequences (Fig. S1 , available in the online Supplementary Material). As shown in the neighbourjoining tree, concatenated 16S rRNA, gyrB and rpoD gene sequences also indicated that strain Q1U
T was closely related to members of the genus Halomonas.
The morphological, physiological and biochemical characteristics of strain Q1U
T were determined following the recommendations of the proposed minimal standards for describing new taxa of the family Halomonadaceae (Arahal et al., 2007) . Cell size and morphology were examined by light microscopy (CX31; Olympus). Polyhydroxybutyrate production was determined by using the Sudan Black staining method. Determinations of temperature, pH and NaCl ranges for growth were studied in triplicate in 20 ml tubes cultivated in aerobic conditions (with shaking at 180 rpm). Growth at 4, 10, 20, 25, 30, 37, 40, 45 and 50 C (at pH 7.0) and at pH 3.0-12.0 (at intervals of 1.0 pH unit) (at 30 C) was determined on TSA containing 7.5 % (w/v) NaCl. Growth was tested on TSA agar medium with different NaCl concentrations [0, 0.5, 1, 3, 5, 7, 7.5, 8, 10, 15, 20, 25 % (w/v) ] at 30 C and pH 7.0. Growth rates were determined by monitoring the optical density (OD) of the culture broth at 600 nm during cultivation by using an UV-2600A spectrophotometer (UNICO). OD values were plotted to determine the optimal conditions for growth. Oxidase activity was tested by the oxidation of tetramethyl--phenylenediamine. Catalase activity was detected by the production of oxygen bubbles in 3 % (v/v) H 2 O 2 . Methyl red and Voges Proskauer tests, nitrate and nitrite reduction and phenylalanine deaminase activity assays were performed as described by Smibert & Krieg (1994) . Hydrolysis of adenine, hypoxanthine, xanthine and guanine were determined as described by Cowan & Steel (1965) . Oxidation/fermentation of D-glucose, respiration on fumarate, nitrate and nitrite, H 2 S production from L-cysteine, hydrolysis of aesculin, casein, starch, gelatin, tyrosine, DNA, Tweens 20, 40, 60 and 80, gluconate oxidation and ONPG activity were conducted according to Mata et al. (2002) . An anaerobic growth test was performed as described by Poli et al. (2009) . H 2 S production was tested in TSA liquid medium supplemented with 0.5 % (w/v) thiosulfate. Activity of lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, urease and arginine dihydrolase, indole production and the citrate test were examined using the API 20E system (bioM erieux), according to the manufacturer's instructions. Other enzyme activities and physiological properties were assayed by using the API ZYM and API 20 NE (BioM erieux). Acid production from carbohydrates and utilization of substrates as sole carbon or nitrogen sources and other phenotypic characteristics were analysed as recommended by Ventosa et al. (1982) and Mata et al. (2002) . Susceptibility to antimicrobial compounds was performed by using the standard disc assay method (Smibert & Krieg, 1994) . Resistance and degree of susceptibility were determined by measuring the size of inhibition zones after 3 days of incubation on TSA [7.5 % (w/v) NaCl] at 30 C in the presence of different concentrations of the various antibiotics. All the morphological, physiological and biochemical tests were carried out with cells grown on TSA containing 7.5 % (w/v) NaCl at pH 7.0 and 30 C, unless stated otherwise.
T was Gram-stain-negative, short rod-shaped (0.2-0.3Â0.6-2.5 µm), non-motile and facultatively anaerobic. Colonies on TSA medium containing 7.5 % NaCl (w/v) were circular, opaque, yellowish and 0.5-4.0 mm in diameter after 48 h at 30 C. Growth of strain Q1U
T was found to occur at 2-37 C, pH 6.0-9.0 and in the salt range 0-20 % NaCl (w/v), with optimum growth at 30-33 C, pH 7.0 and 7.5 % NaCl. Detailed physiological and biochemical characteristics of strain Q1U
T are given in Table 1 and in the species description below. Several
Halomonas hamiltonii W1025 T (AM941396)
Halomonas magadiensis 21MI T (X92150)
Halomonas johnsoniae T68687 T (AM941399)
Halomonas stevensii S18214 T (AM941388)
Halomonas axialensis Althf1 T (AF212206)
Halomonas meridiana DSM 5425 T (AJ306891)
Halomonas aquamarina DSM 30161 T (AJ306888)
Halomonas songnenensis NEAU-ST10-39 T (JQ762289)
Halomonas lutescens Q1U T (KP259554)
Halomonas andesensis LC6 T (EF622233)
Halomonas alkaliphila 18bAG T (AJ640133)
Halomonas hydrothermalis Slthf2 T (AF212218)
Halomonas venusta DSM 4743 T (AJ306894)
Halomonas variabilis DSM 3051 T (AJ306893)
Halomonas gomseomensis M12 T (AM229314)
Halomonas arcis AJ282 T (EF144147)
Halomonas subterranea ZG16 T (EF144148)
Halomonas janggokensis M24 T (AM229315)
Halomonas sulfidaeris ATCC BAA-803 T (AF212204)
Halomonas nanhaiensis YIM M 13059 T (JX870002)
Halomonas zhanjiangensis JSM 078169 T (FJ429198)
Halomonas variabilis DSM 3051 T (AJ306893)
Halomonas titanicae BH1 T (FN433898)
Halomonas boliviensis LC1 T (AY245449)
Halomonas olivaria C17 T (DQ645593)
Halomonas alkaliantarctica CRSS T (AJ564880)
Halomonas neptunia Eplume1 T (AF212202)
Halomonas korlensis XK1 T (EU085033)
Halomonas kenyensis AIR-2 T (AY962237)
Halomonas elongata Casein T could be differentiated from many species listed in Table 1 by its inability to grow at 40 C and pH 10.0. Strain Q1U T required 7.5 % (w/v) NaCl for optimal growth, which was higher than the most closely related species except for Halomonas alkaliphila DSM 16354
T . H 2 S production from L-cysteine was positive for the novel isolate, which was consistent with Halomonas venusta, Halomonas Songnenensis and Halomonas meridiana. The strain differed from Halomonas songnenensis in its inability to hydrolyse casein and gelatin. It could be differentiated from Halomonas meridiana in that it was unable to hydrolyse starch, Tween 80 and urea. It was able to produce acid from sucrose, in contrast to Halomonas venusta, Halomonas songnenensis and Halomonas hydrothermalis. In addition, the strain could be distinguished from Halomonas venusta and Halomonas songnenensis by its inability to utilize fumarate, ribose and succinate.
For the analysis of cellular fatty acids, strain Q1U
T and reference type strains were cultured on TSA with 7.5 % (w/v) NaCl at 30 C for 48 h. Fatty acid methyl esters were prepared, separated and identified according to the classical method of the Sherlock Microbial Identification System (Library RTSA6 6.0, MIDI Sherlock software package, version 6.0; Agilent 6890N) (K€ ampfer & Kroppenstedt, 1996; Sasser, 1990) . The predominant fatty acids were C 18 : 1 !7c (58.6 %), C 16 : 1 !7c and/or C 16 : 1 !6c (14.8 %) and C 16 : 0 (10.1 %), which is typical of members of the genus Halomonas. The cellular factty acids, C 18 : 1 !7c and C 16 : 0 were predominant in all five closely related species of the genus Halomonas. The majority of the cellular fatty acids of strain Q1U
T were similar to those of the reference species. However, there were differences in the components present in minor amounts. For instance, strain Q1U
T contained a small amount of C 18 : 0 that was not found in other type strains. The complete cellular fatty acid compositions of strain Q1U
T and those of the type strains of phylogenetically related species of the genus Halomonas are displayed in Table 2 .
Respiratory quinones were analysed by reversed-phase HPLC, as described by Komagata & Suzuki (1987) . The predominant respiratory quinone of strain Q1U
T was Q-9, which was in line with the ubiquinone system of the genus Halomonas. Polar lipids were obtained from 3.0 g of freezedried cells grown in aerobic conditions on TSA medium supplemented with 7.5 % (w/v) NaCl. Polar lipids were extracted, examined by two-dimensional TLC and identified by spraying individual plates with appropriate detection reagents, according to Minnikin et al. (1984) : molybdophosphoric acid for total lipids and ninhydrin reagent for amino-containing lipids. The polar lipid pattern of strain Q1U
T consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid and three unknown lipids (Fig. S2 ). This profile supports strain Q1U T belonging to the genus Halomonas (Arahal et al., 2007) .
Genomic DNA was extracted and purified, according to the method described by Marmur (1961) . The G+C content of the DNA was determined by using the HPLC method (Mesbah et al., 1989) . Genomic DNA from Escherichia coli K-12 was used as a standard. The DNA G +C content of strain Q1U T was 61.5 mol%, which was Kaye et al. (2004) . †Data from Jiang et al. (2014) . ‡Data from Romano et al. (2006) . within the range described for species of the genus Halomonas (51.4-74.3 mol%; Franzmann et al. (1988) . DNA-DNA hybridization was carried out using the reassociation-rate method (De Ley et al., 1970) with the modifications described by Huss et al. (1983) 19434 T , were 20.3, 19.2, 21.3, 16.7, 14.2, 13 .1, 13.7 and 10.1 %, respectively. Based on the criteria currently accepted for delineating bacterial species, strains with <70 % DNA-DNA relatedness are considered to belong to different species (Wayne et al., 1987) . The low DNA-DNA relatedness observed between strain Q1U
T and its closest relatives indicates that the isolate is distinct from members of the genus Halomonas with validly published names.
From the results of the polyphasic taxonomic analysis and based on genetic, physiological and chemotaxonomic distinctiveness, it is proposed that strain Q1U
T should be considered to be a novel species within the genus Halomonas, for which the name Halomonas lutescens sp. nov. is proposed.
Description of Halomonas lutescens sp. nov.
Halomonas lutescens (lu.tes¢cens. L. pres. part. adj. lutescens becoming muddy; related to the muddy colour of the mature colony).
Cells are Gram-stain-negative, facultatively anaerobic, nonmotile, non-spore forming, rod-shaped with lengths and widths of 0.6-2.5 µm and 0.2-0.3 µm, respectively. Colonies are circular, opaque, yellowish and 0.5-4.0 mm in diameter after incubation for 2-3 days on TSA at 30 C. Oxidase and catalase are produced. No diffusible pigments are produced, does not produce exopolysaccharise, but accumulates polyhydroxybutyrate. Growth occurs at 2-37 C, with optimum growth at 30-33 C, and at pH 6.0-9.0, with optimum growth at pH 7.0. Moderately halophilic; capable of growing in NaCl concentrations of 0-20 % (w/v), with optimum growth occurring in the presence of 7.5 % (w/v) NaCl; growth occurs in the absence of NaCl.
No growth is observed anaerobically in the presence of fumarate, nitrate and nitrite. Under aerobic conditions, nitrate is reduced, but nitrite is not. Positive for phenylalanine deaminase, gluconate oxidation and the fermentation of D-glucose, but negative for methyl red, VP test, nitrite reduction, indole production and ONPG activity. It produces H 2 S from L-cysteine, but not from thiosulfate. Adenine, hypoxanthine, Tween 20, 40, 60 and xanthine are hydrolysed, but aesculin, casein, gelatin, DNA, guanine, starch, Tween 80, tyrosine and urea are not. In the API 20E system, the following enzyme activities are negative: arginine dihydrolase, b-galactosidase, lysine decarboxylase, ornithine decarboxylase and tryptophane deaminase. With the API ZYM system, positive for esterase (C4), esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase and a-glucosidase, but negative for alkaline phosphatase, lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, a- , was isolated from a sediment sample collected from Qinghai Lake, PR China. The DNA G+C content of the type strain is 61.5 mol%.
